Some pediatric femoral fractures cannot be treated by titanium elastic nails; therefore, other operative strategies are necessary. This retrospective study describes the results of submuscular plating for the treatment of pediatric femoral fractures that could not be treated with a titanium elastic nail.
INTRODUCTION
C hildren are very active and have high reserves of energy, making them prone to injury 1 including fractures. Femoral fracture is one of many injuries that children can sustain, and these are most often caused by falls, especially in younger children or toddlers, although child abuse also is a frequent cause and must be ruled out. Recreational and competitive sports activities are the main causes of femoral fracture in adolescents, and motor vehicle accidents can cause these injuries across all age groups.
As with adults, femoral fractures can be simple or complex and open, and management remains variable and somewhat controversial in the pediatric population. Several factors play into the treatment plan, including the age and weight of the patient, fracture pattern, associated injuries, and surgeon preference. Nonoperative options exist for simple FIGURE 1 . Preoperative anteroposterior radiographs of 10-year-old boy with comminuted femoral shaft fracture.
Orthopaedic Surgery Department, Benha University Hospital, Benha, Qualubia, Egypt Financial Disclosure: The author reports no financial conflicts of interest. Correspondence to Mohamed E. Ali Al-Ashhab, MD, Benha Faculty of Medicine, Sidi Nasr Street No. 12, Egypt-Qualubia Benha Tel: þ 201226246189; fax: þ 20133234316; e-mail: alashhab7777@gmail.com fractures in children; however, proponents of operative treatment cite rapid mobilization, shorter hospitalization, and quicker return of the child to school and social settings, with less disruption of family life. 2 Operative treatment includes titanium elastic nailing (TEN), antegrade trochan-teric nailing, open reduction and plate fixation, and submuscular plating. 3 Although TEN is the most commonly used treatment, some femoral fractures cannot be treated with TEN and require special treatment strategies such as submuscular plating. This treatment has become more commonplace for length-unstable femoral fractures in children because it allows indirect reduction and bridging of the fracture and biologic preservation. 4 This study was performed to document the results of the submuscular bridge plating technique in pediatric patients with closed femoral fractures that could not be treated with TEN.
MATERIALS AND METHODS
This nonrandomized observational study was approved by the ethics committee of Benha Medical School and was performed in accordance with the ethical standards set forth by the 1964 Declaration of Helsinki and its later amendments. Specific national laws have been observed. In addition, patient written informed consent was obtained for print and electronic publication. Between September 2010 and July 2012, 15 patients with closed femoral fractures were operated on at Benha Orthopedic Surgery Department using the submuscular bridge plating technique with a 4.5-mm narrow low-contact dynamic compression plate (LC-DCP). There were 10 boys and five girls with a mean age of 9.8 yr (5--15 yr). Eleven fractures were on the right side and four were on the left side. The fracture location was diaphyseal in nine, proximal in three, and distal in three. Three patients had associated fractures: contralateral tibia-fibular fracture, both-bone forearm fracture, clavicular fracture, and pelvic fracture. The mechanism of injury was a fall from a height in three patients, direct trauma in three, and motor vehicle accidents in nine patients. All patients were followed for an average of 15.4 mo (6--27 mo). Submuscular plating was selected as treatment in these patients because the fracture types (segmental, comminuted, long oblique, and length-unstable fractures, and those involving the proximal or distal third of the femur near the epiphysis) did not allow TEN. Candidates for this procedure were children over the age of 5 yr with a weight of more than 100 lbs (> 45 kg). 5 
Surgical Technique
A preoperative intravenous antibiotic was given before surgery. After general anesthesia was administered, the patient was placed supine on a radiolucent fracture table. The leg was prepared and draped. Using boot traction, a provisional reduction was obtained. In some patients when adequate assistance was available, reduction was obtained by manual traction. A long (10--16 hole) LC-DCP was used in all patients, with the length determined by placing the plate over the anterior thigh and obtaining a fluoroscopic view for confirmation. As a general rule, the plate length should allow six of the screw holes (six cortices) to be proximal and six to be distal to the fracture. 6 The plate was contoured using a table plate bender, which usually involved a small bend to accommodate the proximal femur and a larger bend for the distal and proximal metaphyses. Although the plate should be contoured as close to anatomical as possible, it is not necessary to contour the plate to fit exactly the normal anterior bow of femur, as screw placement will reduce the femur to the plate contour. A 3-cm incision was then made over the distal lateral femur, just above the physis, and through the tensor fascia lata to expose the distal fibers of the vastus lateralis muscle ( Figure  2 ). Using a periosteal elevator, blunt dissection was carried deep to the distal aspect of the vastus to enter the plane between the vastus lateralis muscle and the periosteum of the lateral aspect of the femur. The plate was fully advanced and provisionally fixed to the femur with a 1.6-mm Kirschner wire in the most proximal and distal screw holes. Anteroposterior and lateral views were obtained fluoroscopically to confirm reduction and adequate positioning of the plate. A third wire can be placed in the middle of the plate to prevent recurvatum. 6 For fixation of the plate, another 3-cm incision was made proximally (just below the greater trochanter) to allow placement of three cortical 4.5-mm screws under direct vision. The distal three screws were placed through the distal primary incision under direct vision (Figures 3 and 6 ). 7
Postoperative Care
Patients were kept nonweight bearing for 6 wk postoperatively and then partial weight bearing was allowed. 8 No bracing or casting was necessary. They were followed at 2week intervals until evidence of radiographic union was noted between 6 and 12 wk at which time full weight bearing was allowed.
RESULTS
All patients were followed for an average of 15.4 mo (range 6--27 mo) ( Table 1 ). All fractures united without noticeable deformity or limb-length discrepancy. Range of motion of the knees or hips was not affected at the latest follow-up in any patient (Figure 8 ). Union was confirmed radiographically in all patients within 6--10 wk postoperatively, and a solid union was achieved by 12 wk. The plate was removed after 1 yr in 10 patients (Figure 7) . The other five patients had not completed the 1-year follow-up period. There were no complications or hardware failures and no superficial or deep infections. Thus far no physeal arrest has been noted.
DISCUSSION
TEN is the preferred treatment option for operative stabilization of pediatric femoral fractures; however, increased complications have been reported in unstable, length-unstable, and comminuted fractures as well as fractures near the proximal or distal epiphyses. TEN cannot prevent angulation or shortening and possibly does not prevent malrotation. Submuscular bridge plating has the advantages of increased stability, minimal soft-tissue and periosteal damage, and early mobilization. In addition, it avoids physeal damage. 9--12 A 4.5mm narrow LC-DCP was used in our pediatric population for several reasons, including that they are readily available, cheaper than other locking plates, and easier to contour, allowing optimal contact with the femoral shaft. Also, LC-DCP preserves the periosteal blood supply compared with other dynamic compression plates. Kanlik et al. 11 described the advantages of submuscular bridge plating in a study of 51 pediatric patients with femoral fracture at an average age of 10 yr. He followed them for 14 mo. Two patients had a significant complication involving plate fracture in one and refracture after early plate removal in the other. Sink et al. 6 patients with no intraoperative or postoperative complications. The patients in our study also had no complications, and union was achieved in all fractures. Plates were removed at 1 yr in 10 patients (five patients had not yet completed the 1-year follow-up period). There are several reasons why plates should be removed: (1) large implants are associated with stress shielding of bone and subsequent risk of fracture at the plate end; (2) long plates if left in place in the femur may make arthroplasty of the hip or knee if required difficult in adulthood; and (3) significant exposure would be necessary for removal at a later time if there were repeat trauma or infection.
It is important to note that there is a learning curve associated with the submuscular bridge plating technique. The average operation time in the early cases was 160 min, which decreased to 80 min later in the study.
In summary contoured submuscular bridge plating is an effective procedure with good results and a low complication rate for treatment of pediatric femoral fractures that are not suitable for fixation with TEN.
